Elevated levels of intrachromosomal homologous recombination in Arabidopsis overexpressing the MIM gene.
The Arabidopsis MIM gene encodes a protein belonging to the SMC family (structure maintenance of chromosomes) which is required for intrachromosomal homologous recombination (ICR). Both ICR and MIM gene expression are enhanced by DNA-damaging treatments, suggesting that MIM is a factor limiting DNA repair by homologous recombination (HR) under genotoxic stress. We tested this hypothesis by measuring the levels of recombination in the mim mutant under genotoxic stress, using methyl methanesulfonate. Although the mutant clearly showed diminished basal and induced levels of ICR, enhancement of ICR by DNA-damaging treatments was similar to that observed in the wild type. This suggests that the MIM gene product is required for DNA repair by HR, but is not critical for HR induction. To determine whether enhanced availability of MIM would increase basal HR levels in Arabidopsis, we examined ICR frequencies in transgenic Arabidopsis strains overexpressing the MIM gene after ectopic insertion of additional MIM copies. Two independent lines showed a twofold increase in ICR frequency relative to the wild type. Thus MIM is required for efficient ICR in plants, and its manipulation can be used to change homologous recombination frequencies. Since MIM is one of the components responsible for chromatin dynamics, our results suggest that the chromatin environment determines the frequency of homologous recombination.